Reduced survival of fish eggs is often a result of infestation with fungi Saprolegnia spp. However, timely chemical treatments often limit these infestations and increase survival. The effect of copper sulfate pentahydrate (CSP; 10 mg of CSP/L of water), diquat bromide (25 mg of diquat cation/L), formalin (433 mg/L), and hydrogen peroxide (H 2 O 2 ; 250 mg/L) on percent hatch and fungal infestation in eggs of channel catfish Ictalurus punctatus was compared in two identical trials (five replicates for each chemical treatment per trial). The percent hatch in all chemical treatments was significantly better than percent hatch of the controls. The amount of fungal coverage on egg masses treated with CSP, formalin, and H 2 O 2 was significantly less than that observed on the controls. Although not statistically different from the other treatments, H 2 O 2 at 250 mg/L exhibited the highest average percent hatch (64%; control hatch ¼ 34%), the lowest fungal coverage (1.5 cm; control coverage ¼ 7.2 cm), and the lowest occurrence of fungi (50%; control occurrence ¼ 100%) among the treatments.
A number of chemicals, including formalin (Walser and Phelps 1994) , diquat bromide (Mitchell 1983) , copper sulfate pentahydrate (CSP; Straus et al. 2009a) , and hydrogen peroxide (H 2 O 2 ; Gaikowski et al. 2003; Small and Wolters 2003; Mitchell et al. 2009 ), have been tested for efficacy against aquatic fungal infestation (Saprolegniaceae, usually members of the genus Saprolegnia or Achlya) in eggs of channel catfish Ictalurus punctatus (Neish and Hughes 1980; Tucker and Robinson 1990) . Formalin (New Animal Drug Application [NADA] number 141-255) and H 2 O 2 have Food and Drug Administration (FDA) labels for 15-min treatments against external saprolegniasis on warmwater finfish eggs at a rate of 1,000-2,000 mg/ L of water for formalin and 750-1,000 mg/L for H 2 O 2 . Diquat and CSP are not labeled for use on eggs with fungi, but efforts are underway at the Harry K. Dupree Stuttgart National Aquaculture Research Center (HKDSNARC) to obtain an FDA label for copper sulfate on channel catfish eggs (Straus et al. 2009b) . Except for H 2 O 2 , there are few data concerning the use of these chemicals on channel catfish eggs. Even with the available data, it is difficult to evaluate and compare optimal treatment rates or to determine the most effective treatment chemical because the data were produced using different application methods, hatching systems, egg manipulations, water tempera-tures, water exchange rates, and egg densities, and key information is sometimes missing from the reports. Additionally, the combined influences of these differences would be difficult to separate. Walser and Phelps (1994) reported that two immersion-flush treatments (i.e., chemical is applied en masse and slowly dissipated with constant water flow; commonly used in commercial channel catfish hatching troughs) with formalin applied at 400 mg/L each day in aquaria (egg density ¼ 1.25 g of eggs/L) gave the highest percent hatch (94% compared with 4% for controls) and were most effective in controlling Saprolegnia spp. Range-finding studies in our laboratory (D.L.S. and A.J.M., unpublished data) suggest that once-daily immersion-flush (2 water exchanges/h) formalin treatments at or above 434 mg/L (400 mg/L when specific gravity is not taken into account) prevented all fungal growth in experimental hatching troughs (egg density ¼ 2.5 g/L). Under the conditions of these studies, the labeled formalin rates (1,000-2,000 mg/L) appear to be higher than needed. Mitchell (1983) found that diquat bromide applied at 25 mg of diquat cation/L in a 10-min static-bath treatment was effective in limiting fungal growth on channel catfish eggs in experimental hatching troughs. Recent work (D.L.S. and A.J.M., unpublished data) demonstrated that immersion-flush (2 water exchanges/h) diquat bromide treatments at 25 mg/L applied daily in troughs (egg density ¼ 2.5 g/L) produced 70% hatch (37% for controls), whereas diquat bromide treatments at 50 and 100 mg/L did not increase hatch. Straus et al. (2009a) reported that the optimal immersion-flush CSP treat-ment (2 water exchanges/h) was 10 mg/L applied daily in experimental hatching troughs (egg density ¼ 2.5 g/ L); percent hatch was 69% (2% for controls). Higher treatment concentrations did not increase hatch rates, and little fungal growth was observed at a CSP concentration of 10 mg/L or higher.
Several studies demonstrated that H 2 O 2 increased survival of channel catfish eggs and prevented fungal growth; however, different experimental conditions produced a wide range of optimal treatment rates. Rach et al. (1998 Rach et al. ( , 2004 reported that daily 15-min, continuous-flow immersions (i.e., chemical is administered at a constant rate to the incoming water) with H 2 O 2 at 1,000 mg/L in small aquaria (egg density ¼ 25-30 g/L) and at 750 mg/L in egg hatching jars (egg density ¼ 130 g/L) produced 78% and 69% hatch survival (19% and 44% for controls), respectively; fungus control was reported in the 1998 study. At the other extreme, Small and Wolters (2003) showed that daily immersion-flush treatments (1.2 water exchanges/ h) with H 2 O 2 at 70 mg/L in troughs (egg density ¼ 1 g/ L) produced the highest hatch percentage (68% versus 24% for controls). Small (2004) documented that at 248C and 288C, the highest egg hatching success was from daily 15-min static-bath treatments in aquaria at H 2 O 2 concentrations of 500 and 100 mg/L, respectively (about 60% survival was observed for both treatments versus ,35% for the controls). Mitchell et al. (2009) found that daily immersion-flush treatments (2 water exchanges/h) at 250 mg/L in experimental troughs (egg density ¼ 2.5 g/L) produced the best fungal control and percent hatch (64% versus 25% for control). In a preliminary trial from the same study, egg hatch was 10.7% at an H 2 O 2 concentration of 1,000 mg/L and 42.8% at 250 mg/L, indicating that the 1,000-mg/L H 2 O 2 treatment may be toxic under these study conditions. Under the conditions of three of these studies (Small and Wolters 2003; Small 2004; Mitchell et al. 2009 ), the labeled H 2 O 2 concentrations (750-1,000 mg/L) were higher than needed.
Although information from multiple experiments is not available for formalin, CSP, and diquat bromide treatments of channel catfish eggs, it is likely that the differences seen in the H 2 O 2 studies would occur with these three chemicals if subjected to the same study design and methodology variations. To allow comparison between treatments, optimum rates have to be determined under similar experimental conditions; the optimal rates can then be compared together in a study using similar design and methodology.
The purpose of this study was to compare, in the same experiment, the percent hatch and antifungal effectiveness of once-daily immersion-flush treatments with CSP, diquat bromide, formalin, or H 2 O 2 applied to channel catfish eggs that were naturally infested with aquatic fungi in an experimental, compartmentalized trough hatching system. The four chemicals were selected because the HKDSNARC has a history of testing these chemicals against channel catfish eggs infested with fungi, and all were shown to increase egg survival and reduce the incidence of fungi. Concentrations used in this study for formalin (433 mg/L), diquat bromide (25 mg/L), CSP (10 mg/L), and H 2 O 2 (250 mg/L) were selected from optimal rates previously mentioned and determined in an experimental trough hatching system using a study design and methodology similar to those used in the present study. It is recognized that the formalin and H 2 O 2 rates tested in this study are less than the concentrations listed on FDA labels.
Methods
Two identical trials with five replicates for each treatment and a control were run sequentially. For each trial, five of the healthiest-looking channel catfish egg masses (.700 g, no visible fungi or discolored areas, ,24 h old) were selected from spawns produced at the HKDSNARC hatching facility and were transported to the research laboratory in aerated water. Individual egg masses were then separated by hand into five nearly equal portions (mean 6 SD, 90.3 6 6.4 g), and single portions were placed into individual baskets located in individually plumbed hatching compartments that held 35 L of water (egg density was about 2.6 g/L). Hatching compartments were contained within each of five experimental hatching troughs described by Mitchell et al. (2009) . Three smaller samples (13.1 6 1.6 g) were also taken from each egg mass to determine egg number per gram in each spawn, which allowed us to calculate the number of eggs based on weight in each compartment. Egg number was then compared with the number of viable hatched fry counted per compartment to calculate the percent hatch. Well water inflow to each compartment was about 1.25 L/min and produced about 2 water exchanges/h. This exchange rate is comparable to industry averages for troughs (Steeby and Avery 2005 The trials were set up in a Latin square design to minimize trough and spawn effects (Norman and Streiner 2000) . Specifically, egg portions were randomly assigned to treatments and hatching troughs such that one portion from each spawn was distributed to each trough, and the control and each of the four chemical treatments were randomly assigned to a portion of each spawn. In this manner, a portion of each egg mass was subjected to every treatment and to a control.
Trials were conducted at water temperatures of (mean 6 SD) 23.4 6 0.38C and dissolved oxygen concentrations of 5.6 6 0.6 mg/L (65% saturation) measured with a pH/Oxi 340i/SET meter (Wissenschaftlich-Technische Werkstätten GmbH, Weilheim, Germany). An Accumet Basic AB15 pH meter (Fisher Scientific, UE Tech Park, Singapore) was used to measure pH (7.4-7.7), and standard titration methods (APHA et al. 2005 ) were used to measure total alkalinity (204 6 11 mg/L, as CaCO 3 ) and total hardness (121 6 3 mg/L, as CaCO 3 ).
A single water sample was taken from each replicate of each chemical treatment at midwater depth near the egg basket approximately 30 s after adding the chemical treatments on the fifth day of trial 2 as described by Straus et al. (2009) . Water samples were analyzed for (1) H 2 O 2 concentration by using a colorimetric titration method according to Solvay Chemicals Technical Data Sheet 3047-HH-1221 (www.solvaychemical.com), (2) formaldehyde by using a spectrophotometric method according to Hach 3-methyl-2-benzothiaoline hydrazone Method 8110 (Hach Co., Loveland, Colorado), (3) copper by using a spectrophotometric method according to standard methods (APHA et al. 2005 ) with a PerkinElmer inductively coupled plasma-optical emission spectrometer (PerkinElmer, Inc., Waltham, Massachusetts), and (4) diquat cation by using a liquid-solid extraction and high-performance liquid chromatography with ultraviolet detection according to U.S. Environmental Protection Agency Method 549.1 (htt p:/ /www.strataspe.com/speapps/environ/ EPA%20549_1%20Generic.pdf). Copper and formaldehyde concentrations were multiplied by 3.93 and 2.70, respectively, to give final concentrations of CSP and formalin.
Natural fungal infestations common to our waters and spawning facility that were found on the egg portions in each compartment were recorded daily until hatching. The diameter of the largest single fungal mass was measured to the nearest 0.5 cm and recorded daily. At the end of each trial, the maximum measure from each egg portion was selected for comparison. A measure of 9-11 cm was indicative of complete egg portion coverage. The average maximum fungal measure of growth and fungal occurrence ([number of egg portions with fungal growth/total number of egg portions in a treatment or control] 3 100) were determined for each treatment in both trials.
Potential fungal samples observed on the egg masses from all the controls in both trials were taken with forceps and divided into three subsamples. The first was used to presumptively identify aquatic fungi by microscopically (203) confirming whether cottonlike masses contained numerous branched hyphae and zoosporangia. The other two samples were either placed in vials containing 95% molecular-grade ethanol or cultured on yeast peptone sucrose agar containing streptomycin sulfate and chloramphenicol. Final identification of fungal species was confirmed by polymerase chain reaction (PCR; White et al. 1990; Mitchell et al. 2009; Straus et al. 2009b ).
To determine whether data sets from the two trials could be combined, percent hatch and fungal maximum measures in the two replicate trials were compared using the general linear model to perform a one-way analysis of variance (ANOVA) in Minitab version 13 (Minitab, Inc., State College, Pennsylvania). Chemical treatment, trial, and the trial 3 treatment interaction term were included as factors in the model. As trial and trial 3 treatment interaction effects were not significant, data from the two trials were combined in the final determination of differences among treatment means. Log-transformed data for percent hatch and fungal maximum measure were normally distributed with equal variances (Anderson-Darling normality test and Levene's test for equal variances in Minitab); therefore, ANOVA was performed on the log-transformed data. Differences among treatment means were separated using the Tukey-Kramer procedure for pairwise comparisons (J. W. Tukey, Princeton University, unpublished; Kramer 1956 ). All treatment effects were considered significant at P-values less than 0.05.
Results and Discussion
All fungal samples taken from the egg portions were presumptively identified as aquatic fungi. Four of 10 samples were identified by PCR as Saprolegnia spp. (University of North Carolina at Wilmington [UNCW] isolates 273 and 286) when compared with those in GenBank. Six of the samples could not be sequenced after two attempts. The UNCW numbers are isolate groupings based on the work of Hulvey et al. (2007) .
The percent hatch in the control group was significantly (F ¼ 3.79; df ¼ 8; P ¼ 0.003) lower than that observed in the diquat bromide, formalin, H 2 O 2 , and CSP treatment groups (Table 1 ). The mean fungal coverage measure of the control group was signifi-ANTIFUNGAL TREATMENT OF CHANNEL CATFISH EGGS 203 cantly (F ¼ 5.84; df ¼ 9; P ¼ 0.001) larger than those of the CSP, formalin, and H 2 O 2 treated groups but not different from that of the diquat bromide treated group (Table 1) . Percent hatch and fungal coverage were not significantly different among chemical treatment groups. An H 2 O 2 treatment of 250 mg/L produced the numerically highest percent hatch (64%; control hatch ¼ 34%), the lowest fungal coverage measure (1.5 cm; control coverage ¼ 7.2 cm; Table 1 ), and the lowest occurrence of fungi (50%; control occurrence ¼ 100%). The occurrence of fungi in the CSP, diquat bromide, and formalin treatment groups was 70, 90, and 80%, respectively.
Only 9 of the 10 replicates were analyzed for percent hatch because all hatched fry (dead and alive) were missing from the compartment in one of the treatments of the fourth replicate in trial 1. All treatments in this replicate were therefore excluded from analysis for percent hatch. We have no explanation for the missing fry: the day before hatching was completed and fry were collected and preserved for counting, numerous hatched healthy fry were seen in the compartment. Data collection for maximum fungal measures, however, was completed before the disappearance of hatching fry, and all 10 replicates were included.
All egg portions from one spawn used for trial 2 were heavily infested with fungi (5-8 cm) regardless of treatment. Some factors potentially affecting the fungal infestations of given spawns include (1) innate immunity of the eggs, (2) prior exposure of eggs to fungal spores, and (3) amount of unfertilized or dead eggs, which provide a good nutrient base for fungal growth (Tucker and Robinson 1990) within the spawns. In previous studies, the initiation of fungal growth was observed on egg masses in which a small group of dead eggs (2-10) was present (Mitchell et al. 2009 ).
The measured diquat cation concentrations ranged from 22.5 to 29.8 mg/L (average ¼ 26.3 mg/L) and were within a maximum of 19.2% from nominal (25 mg/L). Formalin concentrations ranged from 432 to 486 mg/L (average ¼ 455.8 mg/L) and were within a maximum of 12.0% from nominal (433 mg/L). The concentrations of CSP ranged from 9.1 to 10.5 mg/L (average ¼ 9.7 mg/L) and were within a maximum of 9.2% from nominal (10 mg/L). The H 2 O 2 concentrations ranged from 245 to 301 mg/L (average ¼ 264.3 mg/L) and were within a maximum of 17.0% from nominal (250 mg/L). These differences between the measured and nominal chemical concentrations could be due to errors in analytical techniques associated with the dilution of samples or, in some cases, might have been caused by binding of the chemical to organic matter in the test system. Alternatively, chemicals may not have evenly mixed in the water column during the 30-s period between chemical addition and sample collection.
Some of the rates chosen for the treatments in this study differed from the optimal treatment rates determined in other studies that used different test systems and modes of chemical delivery (Rach et al. 1998 (Rach et al. , 2004 Small and Wolters 2003) and from the FDA-labeled rates for use on warmwater finfish eggs. A valid comparison can be made of the treatments in one test system where they are subjected to the same test conditions. In our system, all four treatments were subjected to similar conditions except that the CSP treatment was stopped at the eyed stage, whereas the other treatments continued until hatch. The CSP treatment was stopped at the eyed stage because the applications of CSP in previous range-finding and dose confirmation studies (Straus et al. 2009a (Straus et al. , 2009b were also made only until eggs were eyed. The rationale used by Straus et al. (2009a Straus et al. ( , 2009b to stop treatments at the eyed stage was that some embryos within the same rearing unit may be hatching and the CSP dose might be toxic to the fry (Straus 2008) . The difference in duration among chemical treatments in this case, however, is minimal as the CSP treatments were applied for 5 d (trial 1) and 6 d (trial 2) compared with 7 d for all other treatments in trials 1 and 2. If the CSP treatments had continued until hatch, a greater percent hatch may have resulted. After the last CSP treatment and prior to hatch, the fungal coverage measure increased an average of only 0.15 cm (fungal measures in 3 of 10 spawn portions each increased by 0.5 cm); therefore, continuing CSP treatments until hatch would probably offer little further benefit in controlling fungal growth.
All four treatments proved effective in increasing the percent hatch, and all treatments but diquat bromide (Rach et al. 1998 (Rach et al. , 2004 Small and Wolters 2003; Small 2004; Mitchell et al. 2009 ) suggests that H 2 O 2 is effective under a variety of egg hatching conditions. The further testing of H 2 O 2 in once-daily and twice-daily static-bath immersion, continuous-flow immersion, and immersion-flush applications may result in treatment protocols that increase percent hatch and reduce fungal growth. The chemical treatment rates used in our studies were based primarily on what was effective in previous range-finding trials with channel catfish eggs in our experimental hatching system and were also based on the results of other researchers who studied the efficacy of treatments on channel catfish eggs. It is recognized that what works optimally in our system may not be optimal for other test systems. The rates used for formalin (433 mg/L) and H 2 O 2 (250 mg/L) in our studies differ from those used by other researchers and are less than the rates appearing on labeled recommendations. The FDA-labeled recommendations are broad, encompass eggs from several fish species, and were derived from tests that used hatching systems other than troughs and application methods other than the immersion flush. It should not be surprising that some modifications may be required for a given species in a given system. The optimum rates in this study are not intended as recommendations but rather as a report of what works best within the parameters of our testing procedures. Our testing procedures were similar to the trough hatching procedures of commercial producers in that both utilize immersion-flush treatments, comparable water exchange rates, paddle wheels for egg movement and aeration, and baskets to contain egg mass portions. Two notable differences (because of study design and egg availability) were the use of compartmentalized troughs and the use of egg densities lower than those used by the industry. Further efficacy studies in commercial channel catfish trough hatching systems at industry stocking rates would have to be done before there is any consideration for recommending new rates or for changing the labels on approved products. Until such studies have been completed and until new rates have been approved and labeled, we do not suggest any modification to the existing labeled recommendations. Culturists in the USA are encouraged only to apply drugs approved by the FDA and only at rates specified on FDA-approved drug labels unless prescribed otherwise by a licensed veterinarian.
